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Abstract 
 
The Powders of Ni-Zn ferrite having the chemical formula Ni (0.6) Zn (0.4) Fe2O4 were synthesized 
by using chemical coprecipitation method and followed by heat treatment at 130°C,600°C & 900°C. X-ray 
powder diffractometry (XRD), scanning electron microscopy (SEM) and Fourier transform infrared 
spectroscopy (FTIR) were carried out to investigate structural and chemical aspects of Ni-Zn ferrite. The 
cubic spinel structure in single phase has been confirmed by X ray diffraction. The average crystallite size 
was calculated from the line broadening in XRD pattern. The sizes of the particles were increased with 
sintering temperature. The micro structural features of the samples were studied using scanning electron 
microscopy (SEM) technique. The IR Spectra measured in the range of 4000-400 cm-1 exhibit symmetric 
stretching mode of Fe2O4 and ZnO4 tetrahedral at 669.7 cm-1 and 545.6 cm-1.  
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1. Introduction 
 
Magnetic nanoparticles continue to be a fascinating subject of interest from both fundamental 
and application point of view. It is well known that polycrystalline Ni-Zn ferrites are widely used for 
many technological applications [1, 2]. Most electronic applications require these materials to be pressed 
into larger shapes with near theoretical density, which is difficult to obtain if the particles have wide-size 
distribution [3]. Ni-Zn ferrites are well known and have been used for many years in the electrical and 
electronic industries. The structural properties of ferrite are very much sensitive to methodology adopted 
for the synthesis, preparative parameters ingredients, etc.  
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Ferrites are commonly produced by ceramic process involving high temperature solid state 
reactions between the constituent oxides or carbonates. The particles obtained by this process are rather 
large and non-uniform in size. These non-uniform particles, on compacting, result in the formation of 
voids or low density. In order to overcome these difficulties arising out of the ceramic route, wet chemical 
methods like air oxidation, co-precipitation, hydrothermal processing, etc. been considered for production 
of homogeneous, fine and reproducible ferrites [4]. In the present work, Ni-Zn powders are prepared by 
the chemical co precipitation method.  Then, the as prepared powders are sintered at 130°C, 600°C, and 
900° C. The Structural, FTIR   and SEM studies are carried out on the sintered Ni-Zn ferrite powders. 
 
2. Experimental details  
 
The Ni (0.6) Zn (0.4) Fe2O4 samples are synthesized using Ni NO3 (Nickel nitrate) Zn NO3 (Zinc 
nitrate) and Fe NO3 (Ferric nitrate) as precursors by dissolving them in distilled water with the required 
mole proportions. The precipitating reagent is prepared in distilled water with NaOH by taking their 
appropriate weights depending upon amount of metal nitrates for co precipitation of ferrite precursor. The 
precipitating reagent is added drop wise in to the metal solutions contained in a beaker with constant 
mixing until co-precipitation occurs. The pH value of reaction was kept at 12. All the chemicals were of 
analytical grade. The precipitates were thoroughly washed several times with distilled water to remove 
salt residues and other impurities. The product was dried in a muffle furnace at a temperature of 100°C for 
over night to remove water contents. The resultant dried product is powdered by using agate mortar and 
pestle to have very fine particles.  The powder was sintered at 130°C, 600°C and 900°C for 3 hours, then 
the furnace was switched off. The samples were cooled by slow cooling in the furnace it self. The 
structural properties of all the samples are studied using X-
radiation (wavelength= 0.15406nm). The photograph of scanning electron microscope is used to reveal 
the surface structure of the obtained ferrite. The FTIR spectra for the synthesized samples are taken to 
confirm the chemical and structural changes that take place during sintering treatment.  
 
3. Results and Discussion   
 
    The XRD patterns for the samples Ni (0.6) Zn (0.4) Fe2O4 sintered at 130°C, 600°C and 900°C are 
shown in Fig.1. It confirms that the Ni-Zn ferrite samples have single phase cubic spinel structure and all 
the peaks observed match well with those of Ni-Zn ferrites reported earlier [5]. Table1. Shows the particle 
size (t), lattice constant (a) and X-ray density (dx) of the synthesized samples are sintered at 130°C, 600°C 
and 900°C. 
 
          Table 1. Crystal size (t).Lattice constant (a), X-ray density (dx) of the synthesized samples 
 
Sintering Temperature                     Particle Size (t)                  Lattice Constant (a)                            X-ray density (dx) 
( °c)                          (nm)                                      (Å)                                                    (g.cm-3) 
                   130                                                  45.59                                     8.359                      6.819 
                   600                                        47.21                         8.360                      6.821 
                   900                                                  50.47               8.364                      6.809 
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Fig. 1. X-ray diffraction patterns of the sintered samples   
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Fig. 2. Variation of particle size with temperature 
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Fig. 2. shows the effect of the sintering temperature on the particle size of the synthesized 
sintered powders increases from 45.59nm to 50.47 nm with the increase of temperatures from 130°C to 
900°C. All the XRD peaks become sharper and narrower with increase of temperatures.It is an indication 
of increase in particle size and the enhancement of crystallinty. The increase in crystalline size at higher 
temperatures is due to formation of crystallite clusters. The crystallites coalesce with each other and under 
favourable energetic conditions they grow by a penetration process. 
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Fig. 3. IR spectra of the sintered samples. 
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IR spectra analysis of the sintered samples in the range 400cm-1-4000cm-1are shown in the  
Fig.3. The characte -1 -1 -1 are due to O-H 
stretching vibration interacting through H bonds [7]. The intensities for the bands corresponding O-H 
stretching vibration decrease drastically when sintering temperature is increased. This decrease is due to 
the loss of the residual water in the samples.  
 
 
            Fig. 4. Scanning Electron Micrograph of the sintered sample 
 
A SEM photograph of the sintered ferrite sample (at 600°C) is taken to understand the surface 
structure of the sintered sample. The fracture surface of the synthesized sample sintered at 600°C is shown 
in Fig. 4 and it can be seen from the photograph that the microstructure consists of clusters of about 1μm 
in size. 
 
4. Conclusions 
Samples of nanocrystalline Ni (0.6) Zn (0.4)Fe2O4 has been successfully synthesized using co-
precipitation method and effect of sintering temperature on the morphological properties have been 
studied. It is observed from XRD analysis that crystalline size and lattice parameters increase with 
increasing the sintering temperatures. From FTIR analysis it is observed that O-H stretching vibration 
band intensities were decrease drastically with the increase of sintering temperature. 
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